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1
SIGNALING FOR DOWNLINK
COORDINATED MULTIPOINT IN A
WIRELESS COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 13/730,289, filed Dec. 28, 2012, entitled
“SIGNALING FOR DOWNLINK COORDINATED MUL-
TIPOINT IN A WIRELESS COMMUNICATION SYS-
TEM,” which claims priority to U.S. Provisional Patent
Application No. 61/646,223, filed May 11, 2012, entitled
“ADVANCED WIRELESS COMMUNICATION SYS-
TEMS AND TECHNIQUES,” the entire disclosure of which
is hereby incorporated by reference.

FIELD

Embodiments of the present invention relate generally to
the field of communications, and more particularly, to signal-
ing for downlink coordinated multipoint communications in a
wireless communication system.

BACKGROUND

Coordinated multipoint (CoMP) systems have been devel-
oped in order to improve various operational parameters in
wireless networks. There are three types of CoMP systems:
joint transmission (JT); dynamic point selection (DPS); and
cooperative scheduling and cooperative beamforming (CS/
CB). InJT CoMP, both a serving point, e.g., an enhanced node
base station (eNB), and a coordinating point, e.g., another
eNB, may send the same data to a user equipment (UE). In
DPS CoMP, a transmission point may be dynamically
selected among different candidates, e.g., a macro-node eNB
and a pico-node eNB. In CS/CB CoMP, coordinating nodes
may suppress interference of interfering channels. However,
the eNB may not have sufficient control and signaling mecha-
nisms for effective management of CoMP communications
with a UE.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be readily understood by the following
detailed description in conjunction with the accompanying
drawings. To facilitate this description, like reference numer-
als designate like structural elements. Embodiments are illus-
trated by way of example and not by way of limitation in the
figures of the accompanying drawings.

FIG. 1 schematically illustrates a wireless communication
network including a user equipment (UE) and a plurality of
evolved Node Bs (eNBs) in accordance with various embodi-
ments.

FIG. 2 is a table that maps values of a channel state infor-
mation (CSI) request field to trigger aperiodic CSI feedback
in accordance with various embodiments.

FIG. 3 is a table that maps values of another CSI request
field in accordance with various embodiments.

FIG. 4 illustrates a bitmap that may be used to indicate one
or more CSI processes that are included in a set of CSI
processes for triggering aperiodic CSI feedback in accor-
dance with various embodiments.

FIG. 5 is a flowchart illustrating a method for triggering
aperiodic CSI feedback that may be performed by a UE in
accordance with various embodiments.
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FIG. 6 is a table that maps values of a cell-specific refer-
ence signal (CRS) configuration parameter to corresponding
values for a number of CRS antenna ports and a CRS fre-
quency shift in accordance with various embodiments.

FIG. 7 schematically depicts an example system in accor-
dance with various embodiments.

DETAILED DESCRIPTION

Iustrative embodiments of the present disclosure include,
but are not limited to, methods, systems, computer-readable
media, and apparatuses for signaling to support downlink
coordinated multipoint communications in a wireless com-
munication network.

Various aspects of the illustrative embodiments will be
described using terms commonly employed by those skilled
in the art to convey the substance of their work to others
skilled in the art. However, it will be apparent to those skilled
in the art that alternate embodiments may be practiced with
only some of the described aspects. For purposes of explana-
tion, specific numbers, materials, and configurations are set
forth in order to provide a thorough understanding of the
illustrative embodiments. However, it will be apparent to one
skilled in the art that alternate embodiments may be practiced
without the specific details. In other instances, well-known
features are omitted or simplified in order not to obscure the
illustrative embodiments.

Further, various operations will be described as multiple
discrete operations, in turn, in a manner that is most helpful in
understanding the illustrative embodiments; however, the
order of description should not be construed as to imply that
these operations are necessarily order dependent. In particu-
lar, these operations need not be performed in the order of
presentation.

The phrase “in some embodiments” is used repeatedly. The
phrase generally does not refer to the same embodiments;
however, it may. The terms “comprising,” “having,” and
“including” are synonymous, unless the context dictates oth-
erwise. The phrase “A and/or B” means (A), (B), or (A and B).
The phrase “A/B” means (A), (B), or (A and B), similar to the
phrase “A and/or B”. The phrase “at least one of A, B and C”
means (A), (B), (C), (Aand B), (A and C), (Band C)or (A, B
and C). The phrase “(A) B” means (B) or (A and B), that is, A
is optional.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a wide variety of alternate and/or equiva-
lent implementations may be substituted for the specific
embodiments shown and described, without departing from
the scope of the embodiments of the present disclosure. This
application is intended to cover any adaptations or variations
of the embodiments discussed herein. Therefore, it is mani-
festly intended that the embodiments of the present disclosure
be limited only by the claims and the equivalents thereof.

As used herein, the term “module” may refer to, be part of,
or include an Application Specific Integrated Circuit (ASIC),
an electronic circuit, a processor (shared, dedicated, or group)
and/or memory (shared, dedicated, or group) that execute one
or more software or firmware programs, a combinational
logic circuit, and/or other suitable components that provide
the described functionality.

FIG. 1 schematically illustrates a wireless communication
network 100 in accordance with various embodiments. Wire-
less communication network 100 (hereinafter “network
100’) may be an access network of a 3rd Generation Partner-
ship Project (3GPP) long-term evolution (LTE) network such
as evolved universal terrestrial radio access network (E-UT-
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RAN). The network 100 may include a base station, e.g.,
enhanced node base station (eNB) 104, configured to wire-
lessly communicate with user equipment (UE) 108.

At least initially, the eNB 104 may have an established
wireless connection with the UE 108 and may operate as a
serving node within a CoMP measurement set. One or more
additional eNBs of the network 100, e.g., eNBs 112 and 116,
may also be included within the CoMP measurement set.
eNBs 112 and 116 may be configured to facilitate wireless
communication with the UE 108 through coordination with
the eNB 104. The one or more additional eNBs may be
collectively referred to as “coordinating nodes.” An eNB may
transition between coordinating and serving node roles.

The serving node and coordinating nodes may communi-
cate with one another over a wireless connection and/or a
wired connection (e.g., a high-speed fiber backhaul connec-
tion).

The eNBs may each have generally the same transmission
power capabilities as one another or, alternatively, some of
the eNBs may have relatively lower transmission power capa-
bilities. For example, in one embodiment the eNB 104 may be
a relatively high-power base station such as a macro eNB,
while the eNBs 112 and 116 may be relatively low-power
base stations, e.g., pico eNBs and/or femto eNBs.

The eNB 104 may be configured to communicate with the
UE 108 over one or more component carriers. Each compo-
nent carrier may be associated with a frequency band used for
communications on the component carrier. Individual com-
ponent carriers may be considered separate cells in some
embodiments. In some embodiments, the eNB 104 may com-
municate with the UE 108 over a plurality of the component
carriers (of different frequencies) using carrier aggregation.
The UE 108 may receive control information on a primary
serving cell, and may receive other information on secondary
serving cells. The primary and secondary serving cells may
be associated with respective component carriers. Carrier
aggregation may be used in addition to, or instead of, CoMP
communications.

The UE 108 may include a communications module 120
and a feedback module 124 coupled with one another. The UE
108 may further include a CoMP module 128 coupled with
the communications module 120 and/or feedback module
124. The communications module 120 may be further
coupled with one or more of a plurality of antennas 132 of the
UE 108 for communicating wirelessly over network 100.

The UE 108 may include any suitable number of antennas.
In various embodiments, the UE 108 may include at least as
many antennas as a number of simultaneous spatial layers or
streams received by the UE 108 from the eNBs, although the
scope of the present disclosure may not be limited in this
respect. The number of simultaneous spatial layers or streams
may also be referred to as transmission rank, or simply rank.

One or more of the antennas 132 may be alternately used as
transmit or receive antennas. Alternatively, or additionally,
one or more of the antennas 132 may be dedicated receive
antennas or dedicated transmit antennas.

eNB 104 may include a communications module 136, a
CoMP management module 140, and an aperiodic feedback
module 144 coupled with one another at least as shown. The
communications module 136 may be further coupled with
one or more of a plurality of antennas 152 of the eNB 104. The
communications module 136 may communicate (e.g., trans-
mit and/or receive) with one or more UEs (e.g., UE 108). In
various embodiments, the eNB 104 may include at least as
many antennas as a number of simultaneous transmission
streams transmitted to the UE 108, although the scope of the
present disclosure may not be limited in this respect. One or
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4

more of the antennas 152 may be alternately used as transmit
or receive antennas. Alternatively, or additionally, one or
more of the antennas 152 may be dedicated receive antennas
or dedicated transmit antennas.

In various embodiments, the UE 108 may be configured
with one or more CSI processes for an individual cell (e.g.,
component carrier). A CSI process may include an associated
CSl-reference signal (CSI-RS) resource and/or an associated
CSl-interference measurement (CSI-IM) resource. In some
embodiments, the CSI-RS resource may be a non-zero power
(NZP) CSI-RS resource. The UE 108 may further receive a
cell index and/or a CSI process identifier (ID) (e.g., within a
given cell) associated with each configured CSI process. The
one or more CSI processes may be configured for the UE 108
(e.g., by the eNB 104) using higher layer signaling, such as
via radio resource control (RRC) signaling. The CSI pro-
cesses may be used for the UE 108 to generate CSI feedback
for the eNB 104 to facilitate downlink CoMP communication
with the UE 108.

In various embodiments, the feedback module 124 of the
UE 108 may receive, via the communications module 120, a
downlink control information (DCI) message from the eNB
104. The DCI message may be received, for example, on a
physical downlink control channel (PDCCH). The PDCCH
may in some embodiments be an enhanced PDCCH (EPD-
CCH) or other type of PDCCH. The DCI message may
include a CSI request field to indicate one or more CSI pro-
cesses for which the UE 108 is to provide CSI feedback to the
eNB 104. Accordingly, the DCI message may facilitate ape-
riodic reporting of CSI feedback by the UE 108. In some
embodiments, the CSI request field may be two bits to indi-
cate one of four possible values. Other embodiments of the
CSI request field may include other quantities of bits.

The feedback module 124 may generate the CSI feedback
for the indicated CSI processes. The CSI feedback may
include, for example, a channel quality indicator (CQI), a
precoding matrix indicator (PMI), one or more selected sub-
bands, and/or a rank indicator (RI) for the CSI process. The
feedback module 124 may then transmit, via the communi-
cations module 120, a CSI report to the eNB 104 that includes
the generated CSI feedback. The CSI report may be transmit-
ted, for example, on a physical uplink shared channel
(PUSCH).

FIG. 2 illustrates a table 200 that maps values of a two-bit
CSI request field in accordance with some embodiments. As
shown in table 200, the CSI request field may have a value
‘01’ to indicate that the feedback module 124 is to provide a
CSI report for a first set of CSI processes configured for a
serving cell of the UE 108. The serving cell may be a primary
serving cell on which the UE 108 receives the DCI that
includes the CSI request field. In some embodiments, the UE
108 may identify the serving cell for which the UE 108 is to
provide the CSI feedback based on the component carrier on
which the UE 108 receives the DCI.

In some embodiments, the value ‘01’ may indicate that the
UE 108 is to provide the CSI feedback for all of the CSI
processes associated with the serving cell (e.g., the first set of
CSI processes may include all the CSI processes associated
with the serving cell). In other embodiments, the first set of
CSI processes may include a subset (e.g., less than all) of the
CSI processes associated with the serving cell. For example,
the first set of CSI processes may be configured for the UE
108 via higher layers (e.g., via RRC signaling).

In various embodiments, the CSI request field may have a
value a value ‘10’ to indicate that that the feedback module
124 is to provide a CSI report for a second set of CSI pro-
cesses. Alternatively, the CSI request field may have a value
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‘11’ to indicate that the feedback module 124 is to provide a
CSI report for a third set of CSI processes. The second set
and/or third set of CSI processes may be configured by higher
layers (e.g., RRC signaling), for example by the eNB 104, to
indicate the CSI processes that are included in the second
and/or third sets.

The CSI report for the first set, second set and/or third set
may be used by the eNB 104 to manage downlink CoMP
communications with the UE 108. In some embodiments, the
CSI report for the first set, second set and/or third set may be
used by the eNB 104 to manage carrier aggregation commu-
nications with the UE 108 in addition to CoMP communica-
tions. The CSI request field may be similar to a CSI request
field used to trigger CSI reports to support carrier aggregation
communications. However, the CSI request field for carrier
aggregation may only trigger CSI reports for one CSI process
of a specific cell or set of cells, and may not allow triggering
of CSI reports for more than one CSI process associated with
a given cell and/or associated with different cells. Further-
more, the second and/or third sets of CSI processes may
include CSI processes on different cells of the same fre-
quency (e.g., cells of the same frequency that are transmitted
by different eNBs).

In some embodiments, the CSI request field as described
herein may be used when the UE 108 is configured in trans-
mission mode 10, as defined in LTE Advanced Release 11.
Transmission mode 10 may support CoMP communications
with the UE. In transmission mode 10, the UE 108 may
provide CSI feedback for one or more CSI processes as
described herein. The UE 108 may receive scheduling infor-
mation using DCI format 2D. In some embodiments, DCI
format 1A may be used as a fall-back mode. The UE 108 may
also receive PDSCH mapping parameters for other cells
besides the serving cell. Additionally, or alternatively, the UE
108 may use UE-specific reference signals for demodulation
of the PDSCH.

The second set and/or third set of CSI processes may
include any number of one or more CSI processes. In some
embodiments, the second set and/or third set may include a
plurality of CSI processes. The second set and third set may
include one or more common CSI processes in some embodi-
ments (e.g., one or more CSI processes that are included in
both the second set and the third set). In other embodiments,
the second set and third set may each include only one CSI
process. The CSI processes of the second set and/or third set
may include one or more CSI processes that are associated
with a different cell from the serving cell. Additionally, or
alternatively, the second set and/or third set may include a
plurality of CSI processes associated with different cells.

In various embodiments, the CSI request field may include
a value ‘00’ to indicate that no aperiodic CSI report is trig-
gered by the DCI message. The value ‘00’ may be used, for
example, when a DCI message is transmitted to the UE 108
for another purpose besides to trigger aperiodic CSI report-
ing.

Although specific values for the two-bit CSI request field
are shown in table 200, it will be apparent that the values may
be mapped to corresponding actions in any suitable manner,
which may differ from that shown in table 200. For example,
in another embodiment, the value ‘00’ may trigger CSI report-
ing for the first set of CSI processes.

As described herein, the CSI request field may be used by
the eNB 104 to trigger CSI reports for a set of CSI processes.
The eNB 104 may dynamically change the set of CSI pro-
cesses for which the eNB 104 requests CSI feedback from the
UE 104. The aperiodic feedback module 144 of the eNB 104
may receive the CSI reports and the CoMP management
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module 140 may use the CSI feedback information included
in the CSI reports to manage downlink CoMP communica-
tions with the UE.

In other embodiments, the CSI request field may include
only one bit. The bit may have a first value (e.g., °1”) to trigger
a CSI report for all CSI processes of the serving cell. The bit
may have a second value (e.g., ‘0’) if no CSI report is trig-
gered by the DCI message. The one-bit CSI request field may
be used, for example, when the UE 108 is using a transmis-
sion mode with a common search space for PDCCH decoding
(as opposed to a UE-specific search space).

FIG. 3 illustrates a table 300 that maps values of a two-bit
CSIrequest field in accordance with another embodiment. As
shown in FIG. 3, the two-bit CSI request field may include a
value ‘01’ to indicate that the UE 108 is to provide a CSI
report for a first set of CSI processes, or a value ‘10’ to
indicate that the UE 108 is to provide a CSIreport for a second
set of CSI processes. The CSI request field may further
include a value ‘11’ to indicate that the UE 108 is to provide
a CSI report for both the first set and second set of CSI
processes. The CSI request field may include a value ‘00’ to
indicate that no aperiodic CSI report is triggered by the DCI
message.

It will be apparent that other suitable configurations of the
CSI request field, besides the configurations shown in FIGS.
2 and 3, may be used for triggering aperiodic CSI reports for
different sets of CSI processes. For example, in another
embodiment, the CSI request field may be similar to that
shown in table 300, but with the value ‘00’ to indicate that the
UE 108 is to provide a CSI report for a set of CSI processes
configured for the serving cell.

Invarious embodiments, the sets of CSI processes that may
be triggered for CSI reporting by the CSI request field (e.g.,
the first, second, and/or third sets described above) may be
configured by the eNB 104 using respective bitmaps. The
bitmaps may be transmitted to the UE 108 by the eNB 104
(e.g., via RRC signaling) to indicate which CSI processes are
included in a given set of CSI processes. For example, FIG. 4
illustrates a bitmap 400 in accordance with various embodi-
ments. Bitmap 400 includes a plurality of bits (e.g., bits b,
by, . . . bax ), and individual bits may correspond to indi-
vidual CSI processes to indicate if the CSI process is included
in the set of CSI processes defined by the bitmap 400. The bits
may be ordered in the bitmap 400 according to the cell index
(e.g., in increasing order of cell index), and bits correspond-
ing to CSI processes associated with the same cell index may
be ordered by their respective CSI IDs. For example, bitmap
400 includes bits corresponding to K+1 component carriers
(e.g., with cell index 0 to cell index K). Each component
carrier may include a maximum of N configured CSI pro-
cesses. The groups of bits corresponding to CSI processes
having the same cell index are arranged in the bitmap 400 in
increasing order of cell index (e.g., with the bits correspond-
ing to the CSI processes of cell index 0 (b,-b,, ;) disposed in
the bitmap 400 before the bits corresponding to the CSI
processes of cell index 1 (b,~b,,, ;). Within the groups of bits
corresponding to CSI processes with the same cell index, the
bits are ordered in increasing order of CSI process ID. For
example, bitb, corresponds to the CSI process with cell index
0 and CSI process ID 0, and bit b, corresponds to the CSI
process with cell index 0 and CSI process ID 1, etc.

As discussed above, the eNB 104 may transmit a plurality
of bitmaps similar to bitmap 400 to define different sets of
CSI processes for aperiodic CSI reporting. The aperiodic CSI
reporting for an individual set may then be triggered by a DCI
message including a CSI request field as described herein. In
some embodiments, the bitmaps to define the sets of CSI
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processes for aperiodic CSI reporting may be transmitted as
part of the CSI process configuration process (e.g., upon the
UE 108 becoming RRC connected with the eNB 104). For
example, the CoMP management module 140 of the eNB 104
may transmit the bitmaps contemporaneously with the CSI
process configuration information (e.g., the CSI-RS resource
and/or CSI-IM resource) for the individual CSI processes.
Additionally, or alternatively, the bitmaps may be transmitted
separately from the CSI process configuration information to
define and/or modify the sets of CSI processes for aperiodic
CSI reporting.

In some embodiments, the CoMP management module
140 of the eNB 104 may further transmit a codebookSubse-
tRestriction parameter associated with individual CSI pro-
cesses. The codebookSubsetRestriction parameter may be
transmitted as part of the configuration of the CSI processes.
The codebookSubsetRestriction parameter may indicate a
subset of PMIs within a codebook to be used by the UE 104
for CSI reporting for the respective CSI process. Alterna-
tively, or additionally, the codebookSubsetRestriction param-
eter may be configured for each NZP CSI-RS resource and/or
subset of subframes.

In some embodiments, the eNB 104 may configure one or
more CSI dependencies between a plurality of configured
CSIprocesses. For example, the eNB 104 may indicate for the
UE 108 to report CSI feedback for a plurality of CSI pro-
cesses on the same rank and/or over the same preferred sub-
bands.

As discussed above, the feedback module 124 of the UE
108 may generate CSI feedback for one or more CSI pro-
cesses triggered by the CSI request field. The CSI feedback
may be generated based on the CSI-RS resource and/or CSI-
IM resource configured for the CSI process. The CSI feed-
back may include, for example, a CQI, a PMI, one or more
selected subbands, and/or an RI for the CSI process. The UE
108 may transmit the CSI feedback to the eNB 104 in a CSI
report.

In some embodiments, the CSI feedback for a plurality of
CSI processes may be concatenated in a same CSI report. For
example, the CSI feedback for multiple CSI processes may be
concatenated according to the CSI process index and/or cell
index of the CSI process. In one embodiment, the CSI feed-
back for groups of CSI processes associated with a same
component carrier (e.g., having the same cell index) may be
ordered inthe CSIreportinincreasing order of cell index. The
CSIfeedback may be arranged within the individual groups in
increasing order of the CSI process indexes of the individual
CSI processes having the same cell index.

In some cases, one or more components of the CSI feed-
back for a first CSI process may be the same as one or more
components of the CSI feedback for the second CSI process.
For example, the RI reported for the first and second CSI
processes may be the same. In some embodiments, the shared
component (e.g., the Rl in this example) may be omitted from
the CSI report for the first CSI process or the second CSI
process. This may reduce the bandwidth required for the CSI
report.

In some embodiments, the CSI report may be encoded
using turbo coding and/or cyclic redundancy check (CRC)
encoding. For example, turbo coding and/or CRC encoding
may be used to encode the CQI and PMI reports. This may
facilitate having a CSI report with a large payload size.

FIG. 5 is a flowchart illustrating a method 500 for trigger-
ing aperiodic CSI feedback in accordance with various
embodiments. Method 500 may be performed by a UE, such
as UE 108. In some embodiments, the UE may include and/or
have access to one or more computer-readable media having
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instructions stored thereon, that, when executed, cause the
UE to perform the method 500. Additionally, or alternatively,
in some embodiments, the UE may include circuitry to per-
form the method 500.

At504, the UE may receive a first bitmap (e.g., bitmap 400)
from an eNB (e.g., eNB 104) over a wireless communication
network (e.g., network 100). The first bitmap may indicate
one or more CSI processes that are included in a first set of
CSI processes. For example, the first bitmap may include a
plurality of bits, and individual bits may correspond to indi-
vidual CSI processes to indicate if the CSI process is included
in the first set of CSI processes. Individual bits may have a
first value (e.g., ‘1°) to indicate that the corresponding CSI
process is included in the first set, or a second value (e.g., ‘0”)
to indicate that the corresponding CSI process is not included
in the first set. In some embodiments, the plurality of bits may
be ordered in the bitmap according to a cell index of the CSI
process (e.g., in increasing order of cell index), and the bits
corresponding to CSI processes with the same cell index may
be ordered by a CSI process ID of the CSI process (e.g., in
increasing order of CSI process ID).

At 508, the UE may receive a second bitmap from the eNB.
The second bitmap may indicate one or more CSI processes
that are included in a second set of CSI processes. The second
bitmap may have a similar arrangement of bits to that
described above for the first bitmap, but with different bits
being set to the first value (e.g., ‘1°). In some embodiments,
the first and second sets may include one or more CSI pro-
cesses in common.

At 512, the UE may receive a DCI message from the eNB.
The DCI message may include a CSI request field to request
CSI feedback to support downlink CoMP transmission to the
UE. In some embodiments, the CSI request field may include
two bits to form one of four values. The CSI request field may
have a first value to indicate that the UE is to provide CSI
feedback for the first set of CSI processes (e.g., configured at
504), or a second value to indicate that the UE is to provide
CSI feedback for the second set of CSI processes (e.g., con-
figured at 508).

At 516, the UE may generate CSI feedback for the CSI
processes indicated by the CSI request field.

At 520, the UE may transmit the generated CSI feedback to
the eNB. The CSI feedback may be included in one or more
CSI reports.

In some embodiments, the CSI request field may have a
third value to indicate that the UE is to provide CSI feedback
for a set of CSI processes configured for a serving cell of the
UE. The serving cell may be identified by the component
carrier on which the eNB transmits the DCI to the UE that
includes the CSI request field. The set of CSI processes con-
figured for the serving cell may include all the CSI processes
configured for the serving cell or a subset of all the CSI
processes configured for the serving cell.

In some embodiments, the CSI request field may have a
fourth value to indicate that no CSI report is triggered by the
DCI message.

In other embodiments, the third or fourth value of the CSI
request field may be used to indicate that the UE is to provide
CSI feedback for both the first set and second set of CSI
processes (e.g., as configured at 504 and 508, respectively).

Invarious embodiments, the UE 108 may receive informa-
tion related to a resource element mapping configuration of a
physical downlink shared channel (PDSCH) for the UE 108
to use to receive the PDSCH. In some embodiments, the
CoMP module 128 of the UE 108 may receive an RRC
message from the eNB 104 that includes PDSCH resource
element mapping parameters for a plurality of PDSCH map-
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ping configurations. The PDSCH resource element mapping
parameters may include, for example, a number of cell-spe-
cific reference signal (CRS) antenna ports, a CRS antenna
port shift, a PDSCH starting symbol, a multicast-broadcast
single frequency network subframe configuration for the
individual PDSCH mapping configurations. In some embodi-
ments, the PDSCH resource element mapping parameters
may further include a non-zero power CSI-RS identifier and/
or a CSI process identifier associated with the PDSCH map-
ping configuration. The PDSCH mapping configurations may
be further associated with (either explicitly or implicitly) a
PDSCH mapping configuration 1D.

Any suitable number of PDSCH mapping configurations
may be configured for the UE 108. For example, in one
embodiment, four PDSCH mapping configurations may be
configured for the UE 108. In some embodiments, the
PDSCH mapping configurations may be generic (e.g., not
associated with specific cells). In other embodiments, the
PDSCH mapping configurations may be associated with
respective individual cells.

In some embodiments, the number of CRS antenna ports
and the CRS antenna port shift may be jointly encoded into a
CRS configuration parameter. For example, FIG. 6 illustrates
a table 600 that shows the mapping of a value of the CRS
configuration parameter to corresponding values for the num-
ber of CRS antenna ports and the CRS antenna port shift. As
shown in table 600, a first value (e.g., value 0) of the CRS
configuration parameter may indicate that the PDSCH map-
ping configuration has 4 antenna ports and a CRS frequency
shift of 2 subframes. In some embodiments, a PDSCH map-
ping configuration may have a number of antenna ports of 1,
2, or 4. A PDSCH mapping configuration with 1 antenna port
may have one of six CRS frequency shifts (e.g., 0, 1, 2, 3, 4,
or 5 subframes), while a PDSCH mapping configuration with
2 or 4 antenna ports may have one of three CRS frequency
shifts (e.g., 0, 1, or 2 subframes). Accordingly, jointly encod-
ing the number of CRS antenna ports and the CRS antenna
port shift may require one fewer bit than encoding them
separately.

In various embodiments, the UE 108 may receive a DCI
message from the eNB 104 indicating one of the PDSCH
mapping configurations (e.g., a first PDSCH mapping con-
figuration) of the plurality of PDSCH mapping configurations
for the UE 108 to use to receive the PDSCH. For example, the
DCI message may include the PDSCH mapping configura-
tion ID corresponding to one of the PDSCH mapping con-
figurations that were configured using RRC signaling as
described above. In some embodiments, the PDSCH map-
ping configuration ID may be jointly encoded with a compo-
nent carrier indicator that indicates a first component carrier,
of'a plurality of configured component carriers, on which the
PDSCH is to be transmitted to the UE 108. For example, the
DCI message may include a carrier aggregation cell identifi-
cation field (CIF) that indicates the PDSCH mapping con-
figuration and the component carrier for the UE to use to
receive the PDSCH. In some embodiments, the CIF may be
three bits. The three-bit CIF may have eight different values to
indicate one of two component carriers and one of four
PDSCH mapping configurations. In other embodiments, the
PDSCH mapping configuration ID may be included in a
separate field from the CIF.

The UE 108 may use the PDSCH resource element map-
ping parameters to receive the PDSCH via CoMP communi-
cation. For example, the PDSCH resource element mapping
parameters may facilitate the avoidance of CRS to PDSCH
collision. For joint transmission (JT) CoMP, the UE 108 may
use the mapping parameters to determine the instantaneous
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rate matching pattern when resource element muting is used
to mitigate CRS to PDSCH collision. For dynamic point
selection (DPS), the mapping parameters may be used to
avoid the need for resource element muting. Additionally, for
DPS in transmission modes 1, 2, 3 and 4, as proposed in the
LTE-Advanced Standard Release 11, the UE 108 may use the
PDSCH resource element mapping parameters to determine
the specific CRS that should be used for demodulation of the
PDSCH.

In embodiments in which the PDSCH mapping configura-
tions are associated with respective individual cells (compo-
nent carriers), the transmitting cell may be indicated to the UE
108 to indicate the PDSCH mapping configuration for the UE
to use to receive the PDSCH. In some embodiments, the
carrier aggregation CIF may be used to indicate the transmit-
ting cell for downlink CoMP (e.g., using values of the CIF
that are not used for carrier aggregation). It will be apparent
that other bit-sizes and/or arrangements may be used to indi-
cate the PDSCH mapping configuration for the UE 108 to use.

The eNB 104/112/116 and/or UE 108 described herein
may be implemented into a system using any suitable hard-
ware and/or software to configure as desired. FIG. 7 illus-
trates, for one embodiment, an example system 700 compris-
ing one or more processor(s) 704, system control logic 708
coupled with at least one of the processor(s) 704, system
memory 712 coupled with system control logic 708, non-
volatile memory (NVM)/storage 716 coupled with system
control logic 708, a network interface 720 coupled with sys-
tem control logic 708, and input/output (1/O) devices 732
coupled with system control logic 708.

The processor(s) 704 may include one or more single-core
or multi-core processors. The processor(s) 704 may include
any combination of general-purpose processors and dedi-
cated processors (e.g., graphics processors, application pro-
cessors, baseband processors, etc.).

System control logic 708 for one embodiment may include
any suitable interface controllers to provide for any suitable
interface to at least one of the processor(s) 704 and/or to any
suitable device or component in communication with system
control logic 708.

System control logic 708 for one embodiment may include
one or more memory controller(s) to provide an interface to
system memory 712. System memory 712 may be used to
load and store data and/or instructions, for example, for sys-
tem 700. System memory 712 for one embodiment may
include any suitable volatile memory, such as suitable
dynamic random access memory (DRAM), for example.

NVM/storage 716 may include one or more tangible, non-
transitory computer-readable media used to store data and/or
instructions, for example. NVM/storage 716 may include any
suitable non-volatile memory, such as flash memory, for
example, and/or may include any suitable non-volatile
storage device(s), such as one or more hard disk drive(s)
(HDD(s)), one or more compact disk (CD) drive(s), and/or
one or more digital versatile disk (DVD) drive(s), for
example.

The NVM/storage 716 may include a storage resource
physically part of a device on which the system 700 is
installed or it may be accessible by, but not necessarily a part
of, the device. For example, the NVM/storage 716 may be
accessed over a network via the network interface 720 and/or
over Input/Output (/O) devices 732.

Network interface 720 may have a transceiver 722 to pro-
vide a radio interface for system 700 to communicate over
one or more network(s) and/or with any other suitable device.
The transceiver 722 may implement communications module
120 of UE 108 or communications module 136 of eNB 104.
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In various embodiments, the transceiver 722 may be inte-
grated with other components of system 700. For example,
the transceiver 722 may include a processor of the pro-
cessor(s) 704, memory of the system memory 712, and NVM/
Storage of NVM/Storage 716. Network interface 720 may
include any suitable hardware and/or firmware. Network
interface 720 may include a plurality of antennas to provide a
multiple input, multiple output radio interface. Network inter-
face 720 for one embodiment may include, for example, a
wired network adapter (e.g., an Ethernet network adapter), a
wireless network adapter, a telephone modem, and/or a wire-
less modem.

For one embodiment, at least one of the processor(s) 704
may be packaged together with logic for one or more control-
ler(s) of system control logic 708. For one embodiment, at
least one of the processor(s) 704 may be packaged together
with logic for one or more controllers of system control logic
708 to form a System in Package (SiP). For one embodiment,
at least one of the processor(s) 704 may be integrated on the
same die with logic for one or more controller(s) of system
control logic 708. For one embodiment, at least one of the
processor(s) 704 may be integrated on the same die with logic
for one or more controller(s) of system control logic 708 to
form a System on Chip (SoC). For one embodiment, at least
one of the processor(s) 704 may be packaged together with a
memory of the NVM/storage 716 to form a package-on-
package (PoP). For example, a memory may be coupled with
an applications processor and configured as a PoP with the
applications processor.

In various embodiments, the I/O devices 732 may include
user interfaces designed to enable user interaction with the
system 700, peripheral component interfaces designed to
enable peripheral component interaction with the system 700,
and/or sensors designed to determine environmental condi-
tions and/or location information related to the system 700.

In various embodiments, the user interfaces could include,
but are not limited to, a display (e.g., a liquid crystal display,
a touch screen display, etc.), a speaker, a microphone, one or
more cameras (e.g., a still camera and/or a video camera), a
flashlight (e.g., a light emitting diode flash), and a keyboard.

In various embodiments, the peripheral component inter-
faces may include, but are not limited to, a non-volatile
memory port, a universal serial bus (USB) port, an audio jack,
and a power supply interface.

In various embodiments, the sensors may include, but are
not limited to, a gyro sensor, an accelerometer, a proximity
sensor, an ambient light sensor, and a positioning unit. The
positioning unit may also be part of, or interact with, the
network interface 720 to communicate with components of a
positioning network, e.g., a global positioning system (GPS)
satellite.

In various embodiments, the system 700 may be a mobile
computing device such as, but not limited to, a laptop com-
puting device, a tablet computing device, a netbook, a smart-
phone, etc. In various embodiments, system 700 may have
more or less components, and/or different architectures.

Although certain embodiments have been illustrated and
described herein for purposes of description, a wide variety of
alternate and/or equivalent embodiments or implementations
calculated to achieve the same purposes may be substituted
for the embodiments shown and described without departing
from the scope of the present disclosure. This application is
intended to cover any adaptations or variations of the embodi-
ments discussed herein. Therefore, it is manifestly intended
that embodiments described herein be limited only by the
claims and the equivalents thereof.
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What is claimed is:

1. One or more non-transitory machine-readable storage
media, having instructions stored thereon that, when executed
by one or more processors, cause a user equipment (UE) to:

receive physical downlink shared channel (PDSCH)

resource element (RE) parameters for a plurality of
PDSCH mapping parameter sets, wherein individual
PDSCH RE mapping parameter sets of the plurality of
PDSCH mapping parameter sets include a number of
antenna ports, a cell-specific reference signal (CRS) fre-
quency shift, and a non-zero power channel state infor-
mation reference signal (CSI-RS) identifier;

detect a value in a PDSCH RE mapping field of a downlink

control information (DCI) message received from an
evolved Node B (eNB), wherein the value is represented
in the PDSCH RE mapping field by two bits;

identify, based on the value, a PDSCH RE mapping param-

eter set from the plurality of PDSCH RE mapping
parameter sets; and

process the PDSCH RE mapping parameter set to receive a

PDSCH.

2. The one or more non-transitory machine-readable stor-
age media of claim 1, wherein the number of antenna ports
includes 1, 2 or 4.

3. The one or more non-transitory machine-readable stor-
age media of claim 1, wherein the PDSCH RE mapping field
is to support a coordinated multipoint (CoMP) communica-
tion to the UE.

4. The one or more non-transitory machine-readable stor-
age media of claim 1, wherein the individual PDSCH RE
mapping parameter sets further include a PDSCH starting
symbol, or a multicast-broadcast single frequency network
subframe configuration.

5. The one or more non-transitory machine-readable stor-
age media of claim 1, wherein the message is further to
indicate a serving cell that the UE uses to receive the PDSCH.

6. The one or more non-transitory machine-readable stor-
age media of claim 1, wherein the plurality of PDSCH RE
mapping parameter sets have four PDSCH RE mapping
parameter sets.

7. An apparatus to be employed by a user equipment (UE),
comprising:

communication circuitry to:

receive physical downlink shared channel (PDSCH)
resource element (RE) parameters for four PDSCH
mapping parameter sets, wherein individual PDSCH
RE mapping parameter sets of the four PDSCH map-
ping parameter sets include a number of antenna
ports, a cell-specific reference signal (CRS) fre-
quency shift, and a non-zero power channel state
information reference signal (CSI-RS) identifier;

receive, from an evolved Node B (eNB), a downlink
control information (DCI) message having a value in
a PDSCH RE mapping field, wherein the value is
represented in the PDSCH RE mapping field by two
bits; and

management circuitry coupled to the communication cir-

cuitry, the management circuitry to:

identify, based on the value, a PDSCH RE mapping
parameter set from the four PDSCH RE mapping
parameter sets; and

process the PDSCH RE mapping parameter set to
receive a PDSCH.

8. The apparatus of claim 7, wherein the number of antenna
ports includes 1, 2 or 4.



US 9,154,251 B2

13

9. The apparatus of claim 7, wherein the PDSCH RE map-
ping field is to support a coordinated multipoint (CoMP)
communication to the UE.

10. The apparatus of claim 7, wherein the PDSCH RE
mapping parameter set is further to include a PDSCH starting
symbol, or a multicast-broadcast single frequency network
subframe configuration.

11. The apparatus of claim 7, wherein the message is fur-
ther to indicate a serving cell that the UE uses to receive the
PDSCH.

12. An apparatus to be employed by an evolved Node B
(eNB), the apparatus comprising:

management circuitry to:

determine four physical downlink shared channel (PD-
SCH) resource element (RE) mapping parameter sets,
each PDSCH RE mapping parameter set having a
number of antenna ports, a cell-specific reference sig-
nal (CRS) frequency shift, and a non-zero power
channel state information reference signal (CSI-RS)
identifier; and

determine a value in a PDSCH RE mapping field, the
value corresponding to a PDSCH RE mapping param-
eter set of the four PDSCH RE mapping parameter
sets, wherein the value is represented in the PDSCH
RE mapping field by two bits; and

communication circuitry coupled to the management cir-

cuitry, the communication circuitry to:

transmit configuration information to a user equipment
(UE) to configure the four PDSCH RE mapping
parameter sets for the UE; and

transmit a downlink control information (DCI) message
including the value in the PDSCH RE mapping field
to the UE over a wireless communication network to
identify the PDSCH RE mapping parameter set of the
four PDSCH RE mapping parameter sets that is to be
used by the UE.

13. The apparatus of claim 12, wherein the number of
antenna ports includes 1, 2 or 4.

14. The apparatus of claim 12, wherein the PDSCH RE
mapping field is to support a coordinated multipoint (CoMP)
communication to the UE.

15. The apparatus of claim 12, wherein the PDSCH RE
mapping parameter set is further to have a PDSCH starting
symbol, or a multicast-broadcast single frequency network
subframe configuration.

16. The apparatus of claim 12, wherein the message is
further to indicate a serving cell that the UE uses to receive the
PDSCH.

17. An apparatus to be employed by a user equipment (UE),
the apparatus comprising:

communication circuitry to receive, from an evolved Node

B (eNB), a message having a downlink control informa-
tion (DCI) format to support coordinated multipoint
(CoMP) communications, the message including a
value in a channel state information (CSI) request field
and a CodebookSubsetRestriction parameter associated
with individual CSI processes to indicate a subset of
precoding matrix indicators within a codebook to be
used by the UE for CSI reporting; and

feedback circuitry coupled to the communication circuitry,

the feedback circuitry to generate an aperiodic CSI feed-
back for a pre-configured set of one or more CSI pro-
cesses based on the CodebookSubsetRestriction param-
eter, the pre-configured set identified by the value in the
CSI request field,
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wherein the individual CSI processes are associated with a
CSIreference signal (CSI-RS) resource and a CSI-inter-
ference measurement (CSI-IM) resource, and

wherein the one or more CSI processes in the pre-config-
ured set are associated with one serving cell, and are a
subset of a total number of CSI processes of the serving
cell.

18. The apparatus of claim 17, wherein the value is a
two-bit value that identifies the one or more CSI processes,
wherein the one or more CSI processes are associated with the
serving cell on which the message is received.

19. The apparatus of claim 17, wherein the value is a
two-bit value that identifies the one or more CSI processes,
wherein the one or more CSI processes are associated with the
serving cell that is different from another serving cell on
which the message is received.

20. The apparatus of claim 17, wherein the communication
module is further to receive another message in the DCI
format, the other message to have a CSI request field with a
two-bit value that represents no aperiodic CSI report is trig-
gered.

21. The apparatus of claim 17, wherein the feedback cir-
cuitry is further to configure the one or more CSI processes
based on a bitmap received from the eNB, wherein:

the bitmap comprises multiple groups of bits;

individual groups of the multiple groups correspond to
individual configured serving cells including the serving
cell; and

individual bits of a group correspond to individual CSI
processes of a configured serving cell that corresponds
to the group.

22. The apparatus of claim 17, wherein the aperiodic CSI
feedback includes a channel quality indicator (CQI), a pre-
coding matrix indicator (PMI), a precoding type indicator, or
a rank indicator (RI).

23. The apparatus of claim 17, wherein the user equipment
is a mobile device having a touchscreen user interface.

24. A method employed by an evolved Node B (eNB),
comprising:

generating a message having a downlink control informa-
tion (DCI) format supporting coordinated multipoint
(CoMP) communications, the message including a
value in a channel state information (CSI) request field
and a CodebookSubsetRestriction parameter associated
with individual CSI processes to indicate a subset of
precoding matrix indicators within a codebook to be
used for CSI reporting;

transmitting the message to a user equipment (UE) over a
wireless communication network; and

receiving an aperiodic CSI feedback for a pre-configured
set of one or more CSI processes, the pre-configured set
identified by the value in the CSI request field;

wherein the individual CSI processes are associated with a
CSIreference signal (CSI-RS) resource and a CSI-inter-
ference measurement (CSI-IM) resource; and

wherein the one or more CSI processes of the pre-config-
ured set are associated with one serving cell, and are a
subset of a total number of CSI processes of the serving
cell.

25. The method of claim 24, wherein the value is a two-bit
value that identifies the one or more CSI processes, wherein
the one or more CSI processes are associated with the serving
cell on which the message is received.

26. The method of claim 24, wherein the value is a two-bit
value that identifies the one or more CSI processes, wherein
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the one or more CSI processes are associated with the serving
cell that is different than another serving cell on which the
message is received.

27. The method of claim 24, further comprising:

transmitting another message in the DCI format to the UE,

wherein the other message has a CSIrequest field with a
two-bit value that represents no aperiodic CSI report is
triggered.

28. The method of claim 24, further comprising:

generating a bitmap comprising multiple groups of bits,

wherein individual groups of the multiple groups corre-

spond to individual configured serving cells including

the serving cell, and individual bits of a group corre-

sponding to individual CSI processes of a configured

serving cell that corresponds to the group; and
transmitting the bitmap to the UE.

29. The method of claim 24, wherein the aperiodic CSI
feedback includes a channel quality indicator (CQI), a pre-
coding matrix indicator (PMI), a precoding type indicator, or
a rank indicator (RI).
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